The aim of this study is to explore the association between PM 2.5 (particulate matter with aerodynamic diameter less than 2.5 and daily outpatient number for respiratory and cardiovascular diseases in a place where dust events are most frequent. During the study period, all hospitals in Wuwei, Gansu province, northwest of China were selected. The results suggest that there were associations between PM 2.5 and the increasing of respiratory and cardiovascular diseases outpatient visits for males and females during the period when dust events frequently happen. PM 2.5 was one of the main hazardous factors for these diseases during the study period.
Introduction
Atmospheric particulate matter constitutes an important component of air pollution. Epidemiological studies have reported a positive correlation between particulate matter concentrations and the increased incidence of human morbidity and mortality [1, 2] . Of particular concern is PM 2.5 (particulate matter with aerodynamic diameter less than 2. 5 to the lower respiratory tract and cause damage to cells.
Dust storms become more and more concerned not only due to their effects on both regional and global environment, but also due to detrimental effects on human health made by dust particulate matter [3] . Epidemiological studies have found that respiratory diseases and mortality, cardiovascular diseases in the elderly and even Al Eskan disease (or Desert Storm pneumonitis) were associated with dust storms [4, 5] . Dust events, especially Asian Dust Storms (ADS), are paid more attention because of their frequent occurrence, especially in the spring. During ADS, the mass concentrations of ambient total suspended particulate, PM 10 (particulate matter with aerodynamic diameter less than 10 and PM 2.5 are significantly enhanced in comparison with those on non-dust events days. For example, during dust storm events occurring on April 6 and 25, 2000 in Beijing, the concentration of PM 10 reached as high as 1500 g m -3 , which was 5-10 times higher than that on non-dust storm days [6] . However, particulate matter in these cities is different from that in source regions of dust storms due to industrial activity, large numbers of vehicles and inhabitants, while the source regions of dust storms are usually deserts and far away from industrial civilization. It is possible that the health effects associated with dust events involving naturallyderived particulate matter are different from those associated with anthropogenically-derived particles [7] . Hence, it is necessary to study the health effects of ADS. In order to investigate the effects of naturallyderived particulate matter during dust events days on respiratory and cardiovascular systems, we chose Wuwei of Gansu Province as our study site.
Wuwei (101°49 104°43 36°29 39°27 , which is near the Badain Jaran Desert and Tengger Desert, is frequently disturbed by dust events, especially blowing dust and dust storms [8] . There are few factories and industrial pollutants in the district and the local people live on farming. It is an ideal candidate site to study the effects of naturally-derived dust events on health. When the dust events happen, the average mass concentrations of local ambient PM 2.5 was often above 150 g m -3 , about 2-3 times the concentrations during non-dust-event days. Based on the meteorological data provided by Wuwei Meteorological Administration and outpatient data on respiratory and cardiovascular patients collected in local hospitals, we used the time-series analysis method to investigate the association of PM 2.5 during dust events days with daily outpatient number for respiratory and cardiovascular diseases by controlling for long-term temporal trends, day of the week, meteorological factors.
Material and methods

Data
We obtained the daily outpatient numbers of respiratory and cardiovascular diseases (from March 1  st to  May 31  st in 2004 and 2005 ) from all hospitals in Wuwei, Gansu province, northwest of China. Dust events frequently happen from March 1 st to May 31 st every year in Wuwei, China, so we chose these three months as the study period. The study subjects included all people who were diagnosed respiratory or cardiovascular disease (International Classification of Diseases Tenth Revision, ICD-10) during the study period. These counts included (1) total respiratory diseases (ICD-10: J00-J99), and the subgroups of the respiratory diseases: upper respiratory tract infection (URTI, ICD-10: J00-J06) and pneumonia (ICD-10: J12-J18); (2) total cardiovascular diseases (ICD-10: I00-I51), and the subgroups: hypertension (ICD-10: I10-I15) and ischemic heart diseases (ICD-10: I20-I25). The numbers of daily respiratory and cardiovascular outpatient visits due to accidents or postoperative infection were excluded from the analysis.
At the same time, data for the date of dust events and daily meteorological measurements such as air temperature ( ), air pressure (hPa), wind speed (m/s) and relative humidity (%) were provided by Wuwei Meteorological Administration. The data for concentrations of daily airborne pollutants such as PM 2.5 , SO 2 and NO 2 were provided by Wuwei Environmental Monitoring Station.
Wuwei Environment Monitoring Station is one of the Chinese executives for the Wuwei Air Quality Monitoring System. There are 6 air monitoring sites within Wuwei. Air pollution data were measured at all 6 monitoring sites. Daily measurements from these sites were averaged to generate an overall exposure estimate for the population in Wuwei.
Analysis models
Generalized additive Poisson regressions (GAM) were fitted to the logarithm of the expected values of daily respiratory and cardiovascular outpatient numbers respectively as the sum of the smoothed and linear functions of the predictor variable [9] . A smoothed function is a nonparametric tool that allows one to control for potential nonlinear dependency of the variable of interest on covariates such as long-term temporal trends and meteorological factors. The equation was as following:
where the subscript k refers to the day of the study; E(Y k ) is the expected value of numbers of daily respiratory or cardiovascular outpatients; is the intercept term; DOW is the indicator variables for the day of the week; as the dummy variable, X k is the concentration of airborne pollutants, such as PM 2.5 , SO 2 and NO 2 on day k; is the regression coefficient; the s (time) is smoothed function of time, and s (Z k ) are smoothed functions of the meteorological variables (temperature, pressure, wind speed and relative humidity) on day k. The smoothed functions are represented using smoothing splines, and the calculated regression coefficients were relative risk (RR) e and the 95% confidence interval (95% CI) also were estimated assuming normality of the residuals.
We inserted autoregressive terms into the model to remove serial correlations of residuals, in an effect to control for any confounding effect caused by omitted time-dependent covariates. We considered air pollution variables to be linear in the models to obtain estimates of relative risk easily. However, the assumption of the linearity between the log of outpatient visits and air pollution may be not be accurate. Therefore, we added the effect of each pollutant to the basic model using a smoothing function when we analyzed the relationship between air pollution and outpatient visits. We adopted loess, a moving regression smoother, as the nonparametric function in our analysis, s(z) were smooth parameters (span) of calendar time, minimum temperature, minimum pressure, maximum wind speed and minimum relative humidity. The selection criterion of goodness of fit was assessed using Akaike s information criteria [10] .
We excluded air pollutant levels exceeding 6 standard deviations above the mean to minimize the effects of pollutant extremes. In this paper, not only PM 2.5 , SO 2 , NO 2 were singly introduced to GAM model to estimate the effects of each pollutant on the respiratory and cardiovascular outpatient numbers (single-pollutant model), but also PM 2.5 and gaseous pollutants (SO 2 and/or NO 2 ) were introduced to GAM model at the same time to estimate the effects of PM 2.5 after adjusting for SO 2 and/or NO 2 (multi-pollutant model) to find the main hazardous factor for the respiratory and cardiovascular system. Using the daily concentration and up to 6-day delayed of each pollutant were tested, single-pollutant models, as well as co-pollutants and multi-pollutants models be fitted. These lag periods were selected a priori in order to investigate the short-term effects of dust events on respiratory and cardiovascular outpatient numbers. Results were presented as relative risks (RR) for all pollutants, and the percentage increases in outpatient visits for interquartile range (IQR) increases in air pollution concentrations.
All analyses were performed using the S-plus 2000 software package. Table 1 shows the daily respiratory and cardiovascular outpatient numbers in Wuwei during the study period in 2004 and 2005. There were a total of 26,635 non-accidental respiratory outpatient visits and 5,405 non-accidental cardiovascular outpatient visits during the study period. The ratio of male to female was 1:0.88 during the study period. For the most part, these calculations indicated that the density functions for each disease could be assumed to be Poisson distributed. The results showed that the concentrations of PM 2.5 during dust storm days were remarkably higher than those on non-dust event days. However, for the concentrations of SO 2 and NO 2 , there were non-significant difference between dust event days and non-dust event days. The wind speed on dust event days was remarkably higher than those on non-dust event days. For other meteorologic measurements, there were non-significant difference between dust event days and non-dust event days. Note: Each index is the average concentrations of 24 h; One Nova was used, *P P -dust storm; Each data is the mean ± SD. Tables 3 and 4 show the relative risks of the association between PM 2.5 , NO 2 , SO 2 and daily respiratory and cardiovascular outpatient number in three pollutant models, respectively. Results were presented as RR for all pollutants, and the percentage increases in outpatient visits for IQR increases in air pollution concentrations. Table 3 . Relative risks of the association between PM2.5, NO2, SO2 and daily respiratory outpatient number in three pollutant models. As is shown in Table 3 , PM 2.5 with a lag of 2 days and 1 day were significantly associated with total respiratory diseases for males and females, respectively; SO 2 with a lag of 4 days and 5 days were significantly associated with total respiratory diseases for males and females, respectively; there was no significant association between NO 2 and total respiratory diseases. PM 2.5 with a lag of 2 days was significantly associated with URTI for males and females, respectively; NO 2 with a lag of 4 days for males and SO 2 with a lag of 3 days for females were significantly associated with URTI, respectively. PM 2.5 with a lag of 3 days and 2 days were significantly associated with pneumonia for males and females, respectively.
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From Table 4 we can see that there were significant association between PM 2.5 with a lag of 3 days and NO 2 with a lag of 2 days and total cardiovascular diseases for both males and females, respectively; SO 2 with a lag of 3 days and 5 days were significantly associated with total cardiovascular diseases for males and females, respectively. PM 2.5 with a lag of 1 day and 5 days were significantly associated with ischemic heart diseases for males and females, respectively; NO 2 with a lag of 2 days and SO 2 with a lag of 3 days and 5 days were significantly associated with total cardiovascular diseases for males, respectively. PM 2.5 with a lag of 1 day was significantly associated with hypertension for males. Note: * P PM 2.5 and gaseous pollutants (SO 2 and/or NO 2 ), which had statistically significant changes in singlepollutant model, were introduced to GAM model at the same time to process the co/multi-pollutant model analysis. After adjusting for other pollutants, the effects of some pollutant on daily outpatient visits for respiratory and cardiovascular diseases were analyzed. Table 3 and 4 also present the RR of the association between PM 2.5 , NO 2 , SO 2 and daily respiratory and cardiovascular diseases outpatient number in co-pollutant model and multi-pollutant model, respectively. The results pointed out that, after adjusting for SO 2 and/or NO 2 , there was a decreasing effect of PM 2.5 on daily outpatient number for total respiratory and cardiovascular diseases, respectively, but significant associations were retained all the same. Nevertheless, after adjusting for other pollutants, neither SO 2 nor NO 2 was significantly associated with daily outpatient number for respiratory diseases. After adjusting for other pollutants, SO 2 and NO 2 were significantly associated with daily outpatient number for cardiovascular diseases for males, respectively. However, neither SO 2 nor NO 2 was significantly associated with daily outpatient number for cardiovascular diseases for females.
Discussion
Epidemiological studies have reported a positive correlation between particulate matter concentrations and the increased incidence of human morbidity and mortality [11, 12] . However, there is little research on the association between respiratory and cardiovascular health and PM 2.5 during dust events days in the places which are close to the deserts. The aim of this study is to evaluate the health effects of PM 2.5 in a location where traffic and industry are underdeveloped and dust events are most frequent in China. The setting allows the opportunity to reduce confounding by anthropogenically-derived particulate matter and to confirm the health effects of naturally-derived PM 2.5 during dust events days. Table 2 shows that the concentrations of PM 2.5 during dust storm days were remarkably higher than those on non-dust event days. However, the concentration of each gaseous pollutant was low at different weather. These results suggested that particulate matter was the main pollution source when the dust events occurred and the health effects of dust events partly relate to the particulate matter of dust events. This is consistent with the studies of Ma et al. and Xie et al., the mass concentration in ADS events was roughly 3-5 times, or even 5-10 times higher than the highest concentration measured in non-ADS days in their studies [6, 13] .
We analyzed various pollutant models in an attempt to estimate the independent effect of PM 2.5 and the possible interaction between PM 2.5 and the gaseous pollutants present in a mixture rather than separately in the air. Single-pollutant model showed that PM 2.5 during dust events days was positively associated with increases in the daily numbers of respiratory (URTI, pneumonia) and cardiovascular diseases (hypertension, ischemic heart diseases) outpatient visits, and these associations presented, in general, a short time lag. Multi-pollutant model pointed out that, after adjusting for SO 2 and/or NO 2 , there were decreasing effects of PM 2.5 on daily outpatient number for respiratory and cardiovascular diseases, respectively, but significant associations were retained all the same. Nevertheless, after adjusting for other pollutants, neither SO 2 nor NO 2 was significantly associated with daily outpatient number for respiratory and cardiovascular diseases. These results suggested that PM 2.5 was one of the main hazardous factors for respiratory and cardiovascular diseases during the study period. This is consistent with some epidemiological studies about PM 2.5 . For example, using time series analysis, Schwartz (2000) found that the percentage increases in all deaths associated with a 10-g m -3 increase in PM 2.5 was 3.75% (95% CI 3.2-4.3) [12] . Another study showed that each 10-g m -3 increase in annual PM 2.5 mean concentration, based on a number of different averaging periods, was associated with increase in all-cause, cardiopulmonary, and lung cancer mortality of 4%, 6%, and 8%, respectively [14] . The relationship between PM 2.5 and adverse health effects was linear and without a discernible lower safe threshold. Holguín et al. also found that ambient levels of PM 2.5 can reduce the high-frequency component of heart rate variability in elderly subjects living in Mexico City and that subjects with underlying hypertension are particularly susceptible to this effect [15] .
A thorough identification of high-risk groups for target diseases would be useful to appropriate air quality management [16] . If the epidemiologic associations between PM 2.5 and respiratory and cardiovascular diseases are causal, it is likely that a frail subgroup is more affected by air pollution than a healthy group. Even though little is known of the characteristics of persons who are susceptible to adverse health effects related to PM 2.5 . Some studies suggest that some subgroups within the population are sensitive to air pollution, such as the elderly or premorbid people [17, 18] . We examined whether the effect of PM 2.5 on the risks of respiratory and cardiovascular outpatient visits differed depending on sex. Our results showed different associations between PM 2.5 during dust events days and respiratory and cardiovascular outpatient visits in males and females. Especially for hypertension outpatient visits, PM 2.5 was significantly associated with them just for males. The reasons for this difference are unclear. However, several authors have suggested possible explanations for existing gender differences observed in health. It is accepted that differences in hormonal status [19] and the differences in sensitivity to effect of smoking are the part of reasons for gender differences in respiratory and cardiovascular diseases [14, 20] . The possible explanation for the gender differences seen in Wuwei maybe that local women pay more attention to prevent harm from dust events. For instance, women are more inclined to stay home during high-concentration particulate days, but most men do not; women are more likely to put on a respirator to protect the respiratory tract on dust event days compared with men; and the majority of women tend to refrain from smoking and drinking more than men.
There are several limitations in the study. Firstly, our study time period was short for a time series analysis. The reason for the short time period is because the main purpose of this paper is to study the effect of PM 2.5 in a place where dust events are most frequent on daily outpatient visits for respiratory and cardiovascular diseases during the period when dust events frequently happen. Dust events frequently happen from March 1 st to May 31 st every year in Wuwei, China, so we chose these three months of 2004 and 2005 as the study period. Secondly, we could not control for the effects of infectious disease epidemics because of the limitation of the data. These limitations may have resulted in some bias in the magnitude of the relationship between PM 2.5 during dust events days and human health outcomes, although we expect that the general trends found would be unchanged.
Conclusion
In a word, PM 2.5 during dust events days was positively associated with increasing of many respiratory and cardiovascular diseases outpatient visits in males and females with the effect across various lags. The effects of PM 2.5 for males and females are different. For example, males carry great risks of hypertension due to the effect of PM 2.5 . PM 2.5 was one of the main hazardous factors for respiratory and cardiovascular diseases during the study period.
